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1
METHOD AND APPARATUS FOR
TRANSMITTING SYNCHRONIZATION
SIGNAL IN WIRELESS COMMUNICATION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage filing under 35
U.S.C. 371 of International Application No. PCT/KR2012/
006003, filed on Jul. 27, 2012, which claims the benefit of
U.S. Provisional Application Ser. No. 61/511,988, filed on
Jul. 27, 2011, the contents of which are all hereby incorpo-
rated by reference herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to wireless communications,
more particularly, to a method and apparatus for transmitting
a synchronization signal in a wireless communication sys-
tem.

2. Related Art

The next-generation multimedia wireless communication
systems which are recently being actively researched are
required to process and transmit various pieces of informa-
tion, such as video and wireless data as well as the initial
voice-centered services. The 47 generation wireless commu-
nication systems which are now being developed subse-
quently to the 3’7 generation wireless communication sys-
tems are aiming at supporting high-speed data service of
downlink 1 Gbps (Gigabits per second) and uplink 500 Mbps
(Megabits per second). The object of the wireless communi-
cation system is to establish reliable communications
between a number of users irrespective of their positions and
mobility. However, a wireless channel has abnormal charac-
teristics, such as path loss, noise, a fading phenomenon due to
multi-path, inter-symbol interference (ISI), and the Doppler
Effect resulting from the mobility of a user equipment. A
variety of techniques are being developed in order to over-
come the abnormal characteristics of the wireless channel and
to increase the reliability of wireless communication.

Meanwhile, with the employment of machine-to-machine
(M2M) communication and with the introduction and distri-
bution of various devices such as a smart phone, a table
personal computer (PC), etc., a data requirement size for a
cellular network is increased rapidly. To satisfy a high data
requirement size, various techniques are under development.
A carrier aggregation (CA) technique, a cognitive radio (CR)
technique, or the like for effectively using more frequency
bands are under research. In addition, a multiple antenna
technique, a multiple base station cooperation technique, or
the like for increasing data capacity within a limited fre-
quency are under research. That is, eventually, the wireless
communication system will be evolved in a direction of
increasing density of nodes capable of accessing to an area
around a user. A wireless communication system having
nodes with higher density can provide a higher performance
through cooperation between the nodes. That is, a wireless
communication system in which each node cooperates has a
much higher performance than a wireless communication
system in which each node operates as an independent base
station (BS), advanced BS (ABS), node-B (NB), eNode-B
(eNB), access point (AP), etc.

A distributed multi-node system (DMNS) comprising a
plurality of nodes within a cell may be used to improve
performance of a wireless communication system. The
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DMNS may include a distributed antenna system (DAS), a
radio remote head (RRH), and so on. Also, standardization
work is underway for various multiple-input multiple-output
(MIMO) techniques and cooperative communication tech-
niques already developed or applicable in a future so that they
can be applied to the DMNS.

The base station may transmit a synchronization signal to
the user equipment, and the user equipment may synchronize
time and frequency based on the received synchronization
signal. In the distributed multi-node system, multiple nodes
may transmit the synchronization signal. It is necessary that
the user equipment synchronizes based on the synchroniza-
tion signal of the node which serves the user equipment
among the synchronization signals transmitted by the mul-
tiple nodes.

Accordingly, a method in which the user equipment per-
forms synchronization effectively in the distributed multi-
node system is required.

SUMMARY OF THE INVENTION

The present invention provides a method and apparatus for
transmitting a synchronization signal in a wireless commu-
nication system. The present invention defines a new syn-
chronization signal transmitted by a radio remote head (RRH)
in a distributed multi-node system. In addition, the present
invention provides a method for synchronizing, by a user
equipment, time and frequency based on a newly defined
synchronization signal.

In an aspect, a method for transmitting, by a base station,
data in a wireless communication system is provided. The
method includes transmitting a physical downlink control
channel (PDCCH) to a user equipment through a macro node,
and transmitting a physical downlink shared channel (PD-
SCH), so as not to overlap with the PDCCH in time domain,
to the user equipment through at least one radio remote head
(RRH) having a cell identity (ID) that is identical to that of the
macro node.

The method may further include setting a time gap between
a last orthogonal frequency division multiplexing (OFDM)
symbol to which the PDCCH is allocated and a first OFDM
symbol to which the PDSCH is allocated.

The method may further include transmitting information
on the time gap to the user equipment.

The information on the time gap may be transmitted in a
cell-specific manner or a user equipment specific manner.

The information on the time gap may be transmitted
through an enhanced physical downlink control channel
(e-PDCCH) allocated in a data region.

The method may further include receiving an indicator,
which indicates that a time when the user equipment is syn-
chronized with the macro node is later than a time when the
user equipment is synchronized with the at least one RRH,
from the user equipment.

The method may further include transmitting a primary
synchronization signal (PSS) and a secondary synchroniza-
tion signal (SSS) to the user equipment through the macro
node.

The method may further include transmitting a third syn-
chronization signal (TSS) to the user equipment through the
at least one RRH.

In another aspect, a method for receiving, by a user equip-
ment, data in a wireless communication system is provided.
The method includes performing synchronization with a
macro node based on at least one of a primary synchroniza-
tion signal (PSS) and a secondary synchronization signal
(SSS), performing synchronization with at least one radio
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remote head (RRH), having a cell identity (ID) that is iden-
tical to that of the macro node, based on a third synchroniza-
tion signal (TSS), receiving a physical downlink control
channel (PDCCH) through the macro node, and receiving a
physical downlink shared channel (PDSCH), which does not
overlap with the PDCCH in time domain, through the at least
one RRH.

The method may further include decoding the received
PDCCH and the received PDSCH.

A user equipment can perform synchronization with an
RRH in time and frequency in a distributed multi-node sys-
tem.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a wireless communication system.

FIG. 2 shows a structure of a radio frame in 3GPP LTE.

FIG. 3 shows an example of a resource grid of a single
downlink slot.

FIG. 4 shows a structure of a downlink subframe.

FIG. 5 shows a structure of an uplink subframe.

FIG. 6 shows an example of a multi-node system.

FIG. 7 shows an example of a radio frame in which a
synchronization signal is transmitted.

FIG. 8 shows an example of a configuration of an SSS.

FIG. 9 shows an example of a case that an error occurs on
time synchronization.

FIG. 10 shows an embodiment of a proposed method for
transmitting a synchronization signal.

FIG. 11 shows another example of a case that an error
occurs on time synchronization.

FIG. 12 shows an embodiment of a proposed method for
transmitting data.

FIG. 13 is a block diagram showing wireless communica-
tion system to implement an embodiment of the present
invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following technique may be used for various wireless
communication systems such as code division multiple
access (CDMA), a frequency division multiple access
(FDMA), time division multiple access (IDMA), orthogonal
frequency division multiple access (OFDMA), single carrier-
frequency division multiple access (SC-FDMA), and the like.
The CDMA may be implemented as a radio technology such
as universal terrestrial radio access (UTRA) or CDMA2000.
The TDMA may be implemented as a radio technology such
as a global system for mobile communications (GSM)/gen-
eral packet radio service (GPRS)/enhanced data rates for
GSM evolution (EDGE). The OFDMA may be implemented
by a radio technology such as institute of electrical and elec-
tronics engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, E-UTRA (Evolved UTRA), and the
like. IEEE 802.16m, an evolution of IEEE 802.16e, provides
backward compatibility with a system based on IEEE
802.16e. The UTRA is part of a universal mobile telecommu-
nications system (UMTS). 3" generation partnership project
(3GPP) long term evolution (LTE) is part of an evolved
UMTS (E-UMTS) using the E-UTRA, which employs the
OFDMA in downlink and the SC-FDMA in uplink. LTE-
advanced (LTE-A) is an evolution of 3GPP LTE.

Hereinafter, for clarification, LTE-A will be largely
described, but the technical concept of the present invention is
not meant to be limited thereto.
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FIG. 1 shows a wireless communication system.

The wireless communication system 10 includes at least
one base station (BS) 11. Respective BSs 11 provide a com-
munication service to particular geographical areas 15a, 155,
and 15¢ (which are generally called cells). Each cell may be
divided into a plurality of areas (which are called sectors). A
user equipment (UE) 12 may be fixed or mobile and may be
referred to by other names such as mobile station (MS),
mobile user equipment (MT), user user equipment (UT),
subscriber station (SS), wireless device, personal digital
assistant (PDA), wireless modem, handheld device. The BS
11 generally refers to a fixed station that communicates with
the UE 12 and may be called by other names such as evolved-
NodeB (eNB), base transceiver system (BTS), access point
(AP), etc.

In general, a UE belongs to one cell, and the cell to which
a UE belongs is called a serving cell. A BS providing a
communication service to the serving cell is called a serving
BS. The wireless communication system is a cellular system,
so a different cell adjacent to the serving cell exists. The
different cell adjacent to the serving cell is called a neighbor
cell. A BS providing a communication service to the neighbor
cellis called a neighbor BS. The serving cell and the neighbor
cell are relatively determined based on a UE.

This technique can be used for downlink or uplink. In
general, downlink refers to communication from the BS 11 to
the UE 12, and uplink refers to communication from the UE
12 to the BS 11. In downlink, a transmitter may be part of the
BS 11 and a receiver may be part of the UE 12. In uplink, a
transmitter may be part of the UE 12 and a receiver may be
part of the BS 11.

The wireless communication system may be any one of a
multiple-input multiple-output (MIMO) system, a multiple-
input single-output (MISO) system, a single-input single-
output (SISO) system, and a single-input multiple-output
(SIMO) system. The MIMO system uses a plurality of trans-
mission antennas and a plurality of reception antennas. The
MISO system uses a plurality of transmission antennas and a
single reception antenna. The SISO system uses a single
transmission antenna and a single reception antenna. The
SIMO system uses a single transmission antenna and a plu-
rality of reception antennas. Hereinafter, a transmission
antenna refers to a physical or logical antenna used for trans-
mitting a signal or a stream, and a reception antenna refers to
a physical or logical antenna used for receiving a signal or a
stream.

FIG. 2 shows a structure of a radio frame in 3GPP LTE.

It may be referred to Paragraph 5 of ““Technical Specifica-
tion Group Radio Access Network; Evolved Universal Ter-
restrial Radio Access (E-UTRA); Physical channels and
modulation (Release 8)”” to 3GPP (3rd generation partnership
project) TS 36.211 V8.2.0 (2008-03). Referring to FIG. 2, the
radio frame includes 10 subframes, and one subframe
includes two slots. The slots in the radio frame are numbered
by #0 to #19. A time taken for transmitting one subframe is
called a transmission time interval (TTI). The TTI may be a
scheduling unit for a data transmission. For example, a radio
frame may have a length of 10 ms, a subframe may have a
length of 1 ms, and a slot may have a length 0o 0.5 ms.

One slot includes a plurality of orthogonal frequency divi-
sion multiplexing (OFDM) symbols in a time domain and a
plurality of subcarriers in a frequency domain. Since 3GPP
LTE uses OFDMA in downlink, the OFDM symbols are used
to express a symbol period. The OFDM symbols may be
called by other names depending on a multiple-access
scheme. For example, when SC-FDMA is in use as an uplink
multi-access scheme, the OFDM symbols may be called SC-
FDMA symbols. A resource block (RB), aresource allocation



US 9,350,502 B2

5

unit, includes a plurality of continuous subcarriers in a slot.
The structure of the radio frame is merely an example.
Namely, the number of subframes included in a radio frame,
the number of slots included in a subframe, or the number of
OFDM symbols included in a slot may vary.

3GPP LTE defines that one slot includes seven OFDM
symbols in a normal cyclic prefix (CP) and one slot includes
six OFDM symbols in an extended CP.

The wireless communication system may be divided into a
frequency division duplex (FDD) scheme and a time division
duplex (TDD) scheme. According to the FDD scheme, an
uplink transmission and a downlink transmission are made at
different frequency bands. According to the TDD scheme, an
uplink transmission and a downlink transmission are made
during different periods of time at the same frequency band.
A channel response of the TDD scheme is substantially recip-
rocal. This means that a downlink channel response and an
uplink channel response are almost the same in a given fre-
quency band. Thus, the TDD-based wireless communication
system is advantageous in that the downlink channel response
can be obtained from the uplink channel response. In the TDD
scheme, the entire frequency band is time-divided for uplink
and downlink transmissions, so a downlink transmission by
the BS and an uplink transmission by the UE cannot be
simultaneously performed. In a TDD system in which an
uplink transmission and a downlink transmission are dis-
criminated in units of subframes, the uplink transmission and
the downlink transmission are performed in different sub-
frames.

FIG. 3 shows an example of a resource grid of a single
downlink slot.

A downlink slot includes a plurality of OFDM symbols in
the time domain and NRB number of resource blocks (RBs)
in the frequency domain. The NRB number of resource
blocks included in the downlink slot is dependent upon a
downlink transmission bandwidth set in a cell. For example,
in an LTE system, NRB may be any one of 6 to 110. One
resource block includes a plurality of subcarriers in the fre-
quency domain. Anuplink slot may have the same structure as
that of the downlink slot.

Each element on the resource grid is called a resource
element. The resource elements on the resource grid can be
identified by a pair of indexes (k1) in the slot. Here,
k(k=0,...,NRBx12-1)is a subcarrier index in the frequency
domain, and 1 is an OFDM symbol index in the time domain.

Here, it is illustrated that one resource block includes 7x12
resource elements made up of seven OFDM symbols in the
time domain and twelve subcarriers in the frequency domain,
but the number of OFDM symbols and the number of subcar-
riers in the resource block are not limited thereto. The number
of OFDM symbols and the number of subcarriers may vary
depending on the length of a CP, frequency spacing, and the
like. For example, in case of a normal CP, the number of
OFDM symbols is 7, and in case of an extended CP, the
number of OFDM symbols is 6. One of 128, 256, 512, 1024,
1536, and 2048 may be selectively used as the number of
subcarriers in one OFDM symbol.

FIG. 4 shows a structure of a downlink subframe.

A downlink subframe includes two slots in the time
domain, and each of the slots includes seven OFDM symbols
in the normal CP. First three OFDM symbols (maximum four
OFDM symbols for a 1.4 MHz bandwidth) of a first slot in the
subframe corresponds to a control region to which control
channels are allocated, and the other remaining OFDM sym-
bols correspond to a data region to which a physical downlink
shared channel (PDSCH) is allocated.
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The PDCCH may carry a transmission format and a
resource allocation of a downlink shared channel (DL-SCH),
resource allocation information of an uplink shared channel
(UL-SCH), paging information on a PCH, system informa-
tion on a DL-SCH, a resource allocation of an higher layer
control message such as a random access response transmit-
ted via a PDSCH, a set of transmission power control com-
mands with respect to individual UEs in a certain UE group,
an activation of a voice over internet protocol (VoIP), and the
like. A plurality of PDCCHs may be transmitted in the control
region, and a UE can monitor a plurality of PDCCHs. The
PDCCHs are transmitted on one or an aggregation of a plu-
rality of consecutive control channel elements (CCE). The
CCE is a logical allocation unit used to provide a coding rate
according to the state of a wireless channel. The CCE corre-
sponds to a plurality of resource element groups. The format
of'the PDCCH and an available number of bits of the PDCCH
are determined according to an associative relation between
the number of the CCEs and a coding rate provided by the
CCEs.

The BS determines a PDCCH format according to down-
link control information (DCI) to be transmitted to the UE,
and attaches a cyclic redundancy check (CRC) to the DCI. A
unique radio network temporary identifier (RNTI) is masked
on the CRC according to the owner or the purpose of the
PDCCH. In case of a PDCCH for a particular UE, a unique
identifier, e.g., a cell-RNTI (C-RNTI), of the UE, may be
masked on the CRC. Or, in case of a PDCCH for a paging
message, a paging indication identifier, e.g., a paging-RNTI
(P-RNTTI), may be masked on the CRC. In case of a PDCCH
for a system information block (SIB), a system information
identifier, e.g., a system information-RNTI (SI-RNTI), may
be masked on the CRC. In order to indicate a random access
response, i.e., a response to a transmission of a random access
preamble of the UE, a random access-RNTI (RA-RNTI) may
be masked on the CRC.

FIG. 5 shows a structure of an uplink subframe.

An uplink subframe may be divided into a control region
and a data region in the frequency domain. A physical uplink
control channel (PUCCH) for transmitting uplink control
information is allocated to the control region. A physical
uplink shared channel (PUCCH) for transmitting data is allo-
cated to the data region. When indicated by a higher layer, the
UE may support a simultaneous transmission of the PUSCH
and the PUCCH.

The PUCCH for a UE is allocated by a pair of RBs in a
subframe. The resource blocks belonging to the pair of RBs
occupy different subcarriers in first and second slots, respec-
tively. The frequency occupied by the RBs belonging to the
pair of RBs is changed based on a slot boundary. This is said
that the pair of RBs allocated to the PUCCH is frequency-
hopped at the slot boundary. The UE can obtain a frequency
diversity gain by transmitting uplink control information
through different subcarriers according to time. In FIG. 5, m
is a position index indicating the logical frequency domain
positions of the pair of RBs allocated to the PUCCH in the
subframe.

Uplink control information transmitted on the PUCCH
may include a hybrid automatic repeat request (HARQ)
acknowledgement/non-acknowledgement (ACK/NACK), a
channel quality indicator (CQI) indicating the state of a
downlink channel, a scheduling request (SR), and the like.

The PUSCH is mapped to an uplink shared channel (UL-
SCH), a transport channel. Uplink data transmitted on the
PUSCH may be a transport block, a data block for the UL-
SCH transmitted during the TTI. The transport block may be
user information. Or, the uplink data may be multiplexed
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data. The multiplexed data may be data obtained by multi-
plexing the transport block for the UL-SCH and control infor-
mation. For example, control information multiplexed to data
may include a CQI, a precoding matrix indicator (PMI), an
HARQ, a rank indicator (RI), or the like. Or the uplink data
may include only control information.

To improve a performance of the wireless communication
system, a technique is evolved in a direction of increasing
density of nodes capable of accessing to an area around a user.
A wireless communication system having nodes with higher
density can provide a higher performance through coopera-
tion between the nodes.

FIG. 6 shows an example of a multi-node system.

Referring to FIG. 6, a multi-node system 20 may consist of
one BS 21 and a plurality of nodes 25-1, 25-2, 25-3, 25-4, and
25-5. The plurality of nodes 25-1, 25-2, 25-3, 25-4, and 25-5
may be managed by one BS 21. That is, the plurality of nodes
25-1,25-2,25-3,25-4, and 25-5 operate as if they are a part of
one cell. In this case, each of the nodes 25-1, 25-2, 25-3,25-4,
and 25-5 may be allocated a separate node identifier (ID), or
may operate as if it is a part of an antenna group without an
additional node ID. In this case, the multi-node system 20 of
FIG. 6 may be regarded as a distributed multi node system
(DMNS) which constitutes one cell.

Alternatively, the plurality of nodes 25-1, 25-2, 25-3, 254,
and 25-5 may have separate cell IDs and perform a handover
(HO) and scheduling of the UE. In this case, the multi-node
system 20 of FIG. 6 may be regarded as a multi-cell system.
The BS 21 may be a macro cell. Each node may be a femto
cell or pico cell having cell coverage smaller than cell cover-
age of a macro cell. As such, if a plurality of cells is configured
in an overlaid manner according to coverage, it may be called
a multi-tier network.

In FIG. 6, each of the nodes 25-1, 25-2, 25-3, 25-4, and
25-5 may be any one of a BS, a Node-B, an eNode-B, a pico
cell eNB (PeNB), a home eNB (HeNB), a remote radio head
(RRH), a relay station (RS) or repeater, and a distributed
antenna. At least one antenna may be installed in one node. In
addition, the node may be called a point. In the following
descriptions, a node implies an antenna group separated by
more than a specific interval ina DMNS. That is, it is assumed
in the following descriptions that each node implies an RRH
in a physical manner. However, the present invention is not
limited thereto, and the node may be defined as any antenna
group irrespective of a physical interval. For example, the
present invention may be applied by considering that a node
consisting of horizontal polarized antennas and a node con-
sisting of vertical polarized antennas constitute a BS consist-
ing of a plurality of cross polarized antennas. In addition, the
present invention may be applied to a case where each node is
a pico cell or femto cell having smaller cell coverage than a
macro cell, that is, to a multi-cell system. In the following
descriptions, an antenna may be replaced with an antenna
port, virtual antenna, antenna group, as well as a physical
antenna.

The UE may synchronize time and frequency with the base
station based on the synchronization signal received from the
base station. The synchronization signal of 3GPP LTE-A
includes a primary synchronization signal (PSS) and a sec-
ondary synchronization signal (SSS). The synchronization
signal of 3GPP LTE-A may refer to Section 6.11 of 3GPP TS
36.211V10.2.0 (2011-06).

FIG. 7 shows an example of a radio frame in which a
synchronization signal is transmitted.

FIG. 7 shows a case of which the synchronization signal is
transmitted in the FDD radio frame. Referring to FIG. 7, the
PSS is mapped to the last OFDM symbols of the first slot (the
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slot ‘0°) and the eleventh slot (the slot ‘10°) within the radio
frame. The SSS is mapped to the second OFDM symbols
from the last of the first slot and the eleventh slot within the
radio frame.

The PSS is used to obtain the synchronization of the
OFDM symbol or the synchronization of the slot, and is
related to a physical-layer cell identify (PCI). The sequence
used for the PSS may be generated from the frequency
domain Zadoft-Chu (ZC) sequence. It is assumed that the
PSS is not transmitted on the antenna port on which the
downlink reference signal (RS) is transmitted.

FIG. 8 shows an example of a configuration of an SSS.

The SSS is used to obtain the synchronization of the frame.
The sequence used for the SSS is the interleaved concatena-
tion of the two binary sequences whose length is 31. Refer-
ring to FIG. 8, the segment 0 whose length is 31 may be
represented by S,(0), . . ., S;(30), and the segment 1 whose
length is 31 may be represented by S,(0), . . ., S;(30). The
segment 0 and the segment 1 are mapped to 62 subcarriers
except the direct current (DC) subcarriers among 63 subcar-
riers. Each of the segment 0 and the segment 1 are mapped to
62 subcarriers alternately. That is, the segment 0 and the
segment 1 are mapped to the frequency domain in the order of
So(0), S;(0), S(1), S;(1), . . ., S(30), S,(30). The concat-
enated sequence may be scrambled to the scrambling
sequence given by the PSS. The two sequences defining the
SSS are different from each other in the first subframe (sub-
frame 0) and the sixth subframe (subframe 5).

Hereinafter, a proposed method for transmitting a synchro-
nization signal is described.

FIG. 9 shows an example of a case that an error occurs on
time synchronization.

In the distributed multi-node system, the multiple nodes
including the macro node may utilize the same cell ID. In this
case, the macro node only may transmit the synchronization
signal including the PSS and the SSS or the macro node and
the multiple RRH may transmit the same synchronization
signals with time-aligned manner. In addition, it may be
assumed that the UE is served by one RRH, not by the macro
node. Accordingly, the situation in which the time is synchro-
nized with the macro node while the UE is served by one
RRH, not by the macro node, may occur.

Referring to FIG. 9, the time synchronized with the macro
node is slower than the time of the data signal received by the
RRH. That is, the UE is served by the RRH which is closer
than the macro node. Although the UE is served by the RRH,
the fast Fourier transform (FFT) window is configured by the
time synchronized with the macro node. Accordingly, the UE
receives the PDSCH from the RRH while the time synchro-
nization is broken. Since the UE may detect only a few
OFDM symbols through the FFT window among the OFDM
symbols received from the RRH, the performance of the
PDSCH may be deteriorated, and the next OFDM symbol
may act as an inter-symbol interference (ISI) against the
current OFDM symbol. In addition, the synchronization for
the frequency offset is required, which occurs by the differ-
ences between the oscillator of the macro node and the oscil-
lator of the RRH.

Accordingly, the present invention proposes a new syn-
chronization signal which the RRH separately transmits, in
addition to the existing PSS/SSS.

FIG. 10 shows an embodiment of a proposed method for
transmitting a synchronization signal.

In step S100, the macro node transmits the PSS and the SSS
to the UE. In step S110, at least one RRH transmits a third
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synchronization signal (TSS) to the UE. In step S120, the UE
performs synchronization based on the received PSS, the SSS
and the TSS.

The TSS transmitted by the RRH, not by the macro node,
may be newly defined. The information on a location in the
subframe in which the TSS transmitted, the information on a
period of the transmission of the TSS, and the information on
the generation of the TSS sequence may be predefined or
signaled to the UE through the higher layer. Or, the TSS may
use the same structure and sequence as those of the existing
PSS or SSS as it is, only a few parameters of the TSS may be
signaled to the UE through the higher layer. For example, the
TSS may use the same structure of the SSS, and the TSS
sequence may be generated by using the parameters which
are received through the higher layer except the parameters
such as N,,,", N, which are obtained after the demodu-
lation of the PSS. Or, when each RRH uses different channel
state information (CSI) RS antenna port numbers or different
CSI RS configurations, the TSS sequence may be generated
by using the combination of N,,", N, and the CSI RS
antenna port number or the CSI RS configuration, rather than
using the N,,,", N,,®. The TSS sequence may be a part of
the SSS sequence. The base station may instruct to the UE
whether the TSS is transmitted through the RRH or not. The
UE is instructed it from the base station, and may obtain the
identity (ID) of the TSS by detecting the TSS sequence. Or,
the UE may perform the synchronization with the base station
by receiving the ID of the TSS from the base station. The ID
of the TSS obtained as such is used as an initial value to
generate a pseudo random sequence of the DL or the UL with
the N,,°*” or instead of N,,°*".

According to the embodiment of the present invention, the
UE may perform the synchronization of time and frequency
based on at least one TSS transmitted by each RRH of the
distributed multi-node system, as well as based on the exist-
ing PSS and SSS. That is, the UE may perform the synchro-
nization of time and/or frequency based on a plurality of
references. If the time synchronization based on the PSS
and/or the SSS is different from the time synchronization
based on the TSS, the UE may notify it to the base station.

FIG. 11 shows another example of a case that an error
occurs on time synchronization.

The base station transmits control channels such as a physi-
cal control format indicator channel (PCFICH), the PDCCH
and a physical HARQ indicator channel (PHCIH) through the
macro node. In addition, the base station transmits the
PDSCH through at least one of the RRH. The UE may detect
the control channel such as the PDCCH and the like trans-
mitted through the macro node by the time synchronized
based on the PSS and/or the SSS. In addition, the UE may
detect the PDSCH transmitted through at least one of the
RRH by the time synchronized based on the TSS. In this case,
the first OFDM symbol to which the PDSCH is allocated may
act as interference against the last OFDM symbol to which the
control channel is allocated. Referring to FIG. 11, in the state
of the time synchronized based on the PSS and/or the SSS in
order to detect the PDCCH, the first OFDM symbol to which
the PDSCH is allocated, which is received from the RRH,
may act as interference against the last OFDM symbol to
which the PDCCH symbol is allocated. Accordingly, the per-
formance of detecting the PDCCH may be deteriorated.

FIG. 12 shows an embodiment of a proposed method for
transmitting data.

Referring to FIG. 12, the UE performs the time and fre-
quency synchronization based on at least one of the PSS, the
SSS and the TSS. In this case, the UE may perform the
synchronization with the macro node based on the PSS and/or
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10
the SSS, and may perform the synchronization with at least
one RRH based on the TSS. When the time which is synchro-
nized based on the PSS and/or the SSS is slower than the time
synchronized based on the TSS, the UE may notify it to the
base station.

In step S210, the base station transmits the PDCCH
through the macro node. In step S220, the UE decodes the
PDCCH.

In step S230, the base station transmits the PDSCH through
at least one RRH to the UE. In this time, the base station may
set up the time gap between the PDCCH and the PDSCH in
order to prevent interference against the last OFDM symbol
transmitted from the macro node. That is, the base station may
set back the first OFDM symbol of the PDSCH as much as the
time gap. The information for the time gap may be transmitted
to the UE in a cell-specific or a UE-specific manner. In addi-
tion, the information for the time gap may be transmitted to
the UE through an enhanced physical downlink channel
(e-PDCCH) which is the control channel newly defined for
the distributed multi-node system. The e-PDCCH may be
allocated within the data region.

In step S240, the UE decodes the PDSCH. According to the
proposed method for transmitting data, the first OFDM sym-
bol of the PDSCH does not act as interference with the last
OFDM symbol of the PDCCH.

FIG. 13 is a block diagram showing wireless communica-
tion system to implement an embodiment of the present
invention.

A BS 800 includes a processor 810, a memory 820, and a
radio frequency (RF) unit 830. The processor 810 may be
configured to implement proposed functions, procedures,
and/or methods in this description. Layers of the radio inter-
face protocol may be implemented in the processor 810. The
memory 820 is operatively coupled with the processor 810
and stores a variety of information to operate the processor
810. The RF unit 830 is operatively coupled with the proces-
sor 810, and transmits and/or receives a radio signal.

A UE 900 may include a processor 910, a memory 920 and
a RF unit 930. The processor 910 may be configured to
implement proposed functions, procedures and/or methods
described in this description. Layers of the radio interface
protocol may be implemented in the processor 910. The
memory 920 is operatively coupled with the processor 910
and stores a variety of information to operate the processor
910. The RF unit 930 is operatively coupled with the proces-
sor 910, and transmits and/or receives a radio signal.

The processors 810, 910 may include application-specific
integrated circuit (ASIC), other chipset, logic circuit and/or
data processing device. The memories 820, 920 may include
read-only memory (ROM), random access memory (RAM),
flash memory, memory card, storage medium and/or other
storage device. The RF units 830, 930 may include baseband
circuitry to process radio frequency signals. When the
embodiments are implemented in software, the techniques
described herein can be implemented with modules (e.g.,
procedures, functions, and so on) that perform the functions
described herein. The modules can be stored in memories
820, 920 and executed by processors 810, 910. The memories
820, 920 can be implemented within the processors 810, 910
or external to the processors 810, 910 in which case those can
be communicatively coupled to the processors 810, 910 via
various means as is known in the art.

In view of the exemplary systems described herein, meth-
odologies that may be implemented in accordance with the
disclosed subject matter have been described with reference
to several flow diagrams. While for purposes of simplicity, the
methodologies are shown and described as a series of steps or
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blocks, it is to be understood and appreciated that the claimed
subject matter is not limited by the order of the steps or
blocks, as some steps may occur in different orders or con-
currently with other steps from what is depicted and
described herein. Moreover, one skilled in the art would
understand that the steps illustrated in the flow diagram are
not exclusive and other steps may be included or one or more
of the steps in the example flow diagram may be deleted
without affecting the scope and spirit of the present disclo-
sure.

What has been described above includes examples of the
various aspects. It is, of course, not possible to describe every
conceivable combination of components or methodologies
for purposes of describing the various aspects, but one of
ordinary skill in the art may recognize that many further
combinations and permutations are possible. Accordingly,
the subject specification is intended to embrace all such alter-
nations, modifications and variations that fall within the spirit
and scope of the appended claims.

What is claimed is:
1. A method for transmitting, by a base station, data in a
wireless communication system, the method comprising:
transmitting a primary synchronization signal (PSS) and a
secondary synchronization signal (SSS) to a user equip-
ment through a macro node,
wherein a synchronization with the macro mode is per-
formed based on at least one of the primary synchroni-
zation signal (PSS) and the secondary synchronization
signal (SSS);
transmitting a physical downlink control channel (PD-
CCH) to the user equipment through the macro node;
setting a time gap between a last orthogonal frequency
division multiplexing (OFDM) symbol to which the
PDCCH is allocated and a first OFDM symbol to which
the PDSCH is allocated;
transmitting a third synchronization signal (TSS) to the
user equipment through at least one radio remote head
(RRH),
wherein a synchronization with the at least one radio
remote head (RRH) is performed based on the third
synchronization signal (TSS),
wherein information related to the TSS is transmitted to the
user equipment through a higher layer,
wherein the information related to the TSS includes infor-
mation indicating a transmission location of the TSS, a
transmission period of the TSS, and a generation of a
sequence of the TSS,
wherein a part of sequence of the SSS is used to represent
the sequence of the TSS, and an identity of the TSS is
obtained by detecting the sequence of the TSS, and
wherein the obtained identity ofthe TSS is used as an initial
value to generate a downlink/uplink pseudo random
sequence; and
transmitting a physical downlink shared channel (PDSCH)
to the user equipment through the at least one radio
remote head (RRH) having a cell identity (ID) that is
identical to that of the macro node,
wherein the transmitted PDSCH is not overlapped with the
transmitted PDCCH in a time domain.
2. The method of claim 1, further comprising:
transmitting information on the time gap to the user equip-
ment.
3. The method of claim 2, wherein the information on the
time gap is transmitted in a cell-specific manner or a user
equipment specific manner.
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4. The method of claim 2, wherein the information on the
time gap is transmitted through an enhanced physical down-
link control channel (e-PDCCH) allocated in a data region.
5. The method of claim 1, further comprising:
receiving an indicator, which indicates that a time when the
user equipment is synchronized with the macro node is
later than a time when the user equipment is synchro-
nized with the at least one RRH, from the user equip-
ment.
6. A method for receiving, by a user equipment, data in a
wireless communication system, the method comprising:
performing synchronization with a macro node based on at
least one of a primary synchronization signal (PSS) and
a secondary synchronization signal (SSS);

performing synchronization with at least one radio remote
head (RRH), having a cell identity (ID) that is identical
to that of the macro node, based on a third synchroniza-
tion signal (TSS),

wherein information related to the TSS is received by the

user equipment through a higher layer,

wherein the information related to the TSS includes infor-

mation indicating a transmission location of the TSS, a
transmission period of the TSS, and a generation of a
sequence of the TSS,
wherein a part of sequence of the SSS is used to represent
the sequence of the TSS, and an identity of the TSS is
obtained by detecting the sequence of the TSS, and

wherein the obtained identity of'the TSS is used as an initial
value to generate a downlink/uplink pseudo random
sequence;

receiving a physical downlink control channel (PDCCH)

through the macro node; and

receiving a physical downlink shared channel (PDSCH),

which does not overlap with the PDCCH in time
domain, through the at least one RRH,

wherein a time gap is set between a last orthogonal fre-

quency division multiplexing (OFDM) symbol to which
the PDCCH is allocated and a first OFDM symbol to
which the PDSCH is allocated.

7. The method of claim 6, further comprising:

transmitting an indicator, which indicates that a time syn-

chronized with the macro node is later than a time syn-
chronized with the at least one RRH, to a base station.

8. The method of claim 6, further comprising:

receiving information on the time gap from a base station.

9. The method of claim 8, wherein the information on the
time gap is received in a cell-specific manner or a user equip-
ment specific manner.

10. The method of claim 8, wherein the information on the
time gap is received through an enhanced physical downlink
control channel (e-PDCCH) allocated in a data region.

11. The method of claim 6, further comprising:

decoding the received PDCCH and the received PDSCH.

12. A user equipment configured to receive data in a wire-
less communication system, the user equipment comprising:

a memory;

a transmit and receive device; and

aprocessor operatively connected to the memory and to the

transmit and receive device, the processor configured to:

perform synchronization with a macro node based on at
least one of a primary synchronization signal (PSS)
and a secondary synchronization signal (SSS);

perform synchronization with at least one radio remote
head (RRH), having a cell identity (ID) that is identi-
cal to that of the macro node, based on a third syn-
chronization signal (TSS),
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wherein information related to the TSS is received by the
user equipment through a higher layer,

wherein the information related to the TSS includes
information indicating a transmission location of the
TSS, a transmission period of the TSS, and a genera-
tion of a sequence of the TSS,

wherein a part of sequence of the SSS is used to repre-
sent the sequence of the TSS, and an identity of the
TSS is obtained by detecting the sequence of'the TSS,
and

wherein the obtained identity of the TSS is used as an
initial value to generate a downlink/uplink pseudo
random sequence;

receive a physical downlink control channel (PDCCH)
through the macro node; and

receive a physical downlink shared channel (PDSCH),
which does not overlap with the PDCCH in time
domain, through the at least one RRH,

wherein a time gap is set between a last orthogonal
frequency division multiplexing (OFDM) symbol to
which the PDCCH is allocated and a first OFDM
symbol to which the PDSCH is allocated.
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